Introduction {#S1}
============

Renal cell tumors are defined as the renal neoplasms arising from the renal tubules. They account for approximately 90% of renal tumors. Under the current WHO histological classification of renal cell tumors, more than ten subtypes have been described. Among them, there are four main tumors comprising 95% of the overall renal cell tumors: clear cell renal cell carcinoma (ccRCC, 75%), papillary renal cell carcinoma (pRCC, 10%), chromophobe renal cell carcinoma (chRCC, 5%) and the benign entity - oncocytoma (5%).^[@R1]^ In the past two decades, there has been an increased understanding of tumor biology of these tumors, particularly with the employment of genetic studies. Each tumor has been recognized to be associated with a specific type of genetic abnormality. For example, ccRCC often has 3p deletion, the majority of pRCC tumors harbor trisomy 7 and 17, chRCC contains multiple monosomies, and the majority of oncocytomas show a normal chromosomal profile.^[@R2]^ Molecular biomarkers are less well studied and further studies are needed to refine diagnoses, predict prognoses and provide bases for targeted therapies.

Hereditary HPT-JT syndrome is a rare autosomal dominant syndrome with an increased risk of parathyroid tumors, ossifying fibromas of the jaw and renal hamartomas and cystic kidney disease.^[@R3],[@R4]^ Studies of this syndrome identified a link to HRPT2, and a germ line mutation in this gene was shown to be responsible for HPT-JT syndrome.^[@R5],[@R6]^ HRPT2 germline mutations are also responsible for a subset of familial isolated hyperparathyroidism.^[@R7]^ HRPT2 gene encodes a protein called parafibromin, a -60KDa protein composed of 531 amino acids and bearing sequence resemblance with the yeast protein Cdc73.^[@R8]^ Parafibromin is a member of the polymerase associated factor 1 (PAF1) complex that is involved in chromatin remodeling by histone ubiquitination and methylation, thereby regulating gene expression.^[@R9],[@R10]^ Furthermore, it functions as a putative tumor suppressor and has been shown to provide multiple tumor suppressive functions by inducing apoptosis, inhibiting the G1 to S phase transition, and directly regulating growth factor gene expression by binding to their promoters.^[@R11]--[@R14]^ Normally, parafibromin is ubiquitously expressed in a variety of human tissues.^[@R15]^ Complete and partial loss of its expression have been observed in HPT-JT, parathyroid carcinoma, breast carcinoma, lung carcinoma, gastric and colorectal carcinoma.^[@R16]--[@R22]^ In addition, down-regulation of its expression has been found to be associated with aggressiveness of tumor behaviors and adverse prognosis of the above tumors. Nevertheless, little has been known about its role in renal tumors. In this study, we examined the expression of parafibromin in a series of the four major renal cell tumors using TMAs.

Materials and Methods {#S2}
=====================

Tissue microarray
-----------------

One hundred thirty nine renal cell tumors including 61 cases of ccRCC, 37 cases of pRCC, 22 cases of chRCC and 19 cases of oncocytoma from 1991 to 2009 were retrieved from the pathology archives of the Hospital of the University of Pennsylvania and used for the construction of renal TMAs. The study was approved by the institutional review board of the University of Pennsylvania. Renal TMAs were constructed using formalin fixed, paraffin embedded tissue using a tissue arrayer (Beecher Instruments, Silver Spring, MD, USA). Each block contains three representative 1.0 mm cores from the diagnostic areas of each case.

Hemotoxylin and eosin stain
---------------------------

Five µm sections were prepared from TMA blocks, and were deparaffinized, rehydrated and stained with hematoxylin and eosion for light microscopic examination.

Immunohistochemistry
--------------------

Formalin-fixed and paraffin embedded tissues were sectioned and placed on plus-coated slides (Fisher Scientific, Pittsburgh, PA, USA) and dried overnight at 60°C. Sections were de-waxed in xylene and rehydrated through graded ethanol to distilled water. Antigen retrieval was carried by the steam method in ethylenediaminetetraacetic acid (EDTA) buffer, pH 9.0 (DAKO, Glostrup, Denmark) for 30 min at 95°C. Sections were then allowed to cool to room temperature and washed in DAKO Wash Buffer (DWB) (DAKO). Labeling was carried out using a mouse monoclonal anti-parafibromin antibody (\#SC-33678, Santa Cruz Biotech, Santa Cruz, CA, USA) at a dilution of 1:10 in DAKO Primary Antibody Diluent (DAKO) for 30 min at room temperature in a humidified chamber.

Following washing in DWB, the primary antibody was labeled with anti-mouse horse-radish peroxidase (HRP) antibody (DAKO) for 30 min at room temperature in a humidified chamber. Following washing in DWB, the label was visualized with DAB (DAKO). The sections were then washed in distilled water, counterstained with hematoxylin, dehydrated, mounted (Cytoseal-60, Richard-Allan Scientific) and cover slipped. The normal renal cortex was used as positive control. The nuclear staining was classified into 3 patterns with modification to Gill *et al.*^[@R17]^ The positive case shows \> or = 75% of the epithelial nuclei. Less than 25% positive nuclear staining was defined as negative. All of others in between were considered intermediate.

Statistical analysis
--------------------

All statistical calculations were performed using R 2.14.0 ([www.r-project.org](www.r-project.org)). Count data were analyzed using Fisher\'s exact test. The Bonferroni method was used to correct for multiple hypothesis testing. Estimates of error in the reported proportions were obtained using a Clopper-Pearson exact binomial test.

Results {#S3}
=======

In order to measure parafibromin expression in a cohort of renal cell tumors representing the four major subtypes, we constructed a tissue microarray containing 139 tumors. In our study, the small areas of tissue microarray of the enrolled cases revealed either positive or negative parafibromin staining. There is no intermediate staining seen. In the normal kidney we observed positive parafibromin staining in renal tubular cells and the mesangial cells of the glomeruli ([Figure 1](#F1){ref-type="fig"} A,B), consistent with a previous report.^[@R15]^ The positive nuclei in renal tubules accounted for 75% or more of tubular nuclei ([Figure 1](#F1){ref-type="fig"} A,B). Sixty one of the tumors on our TMA had been classified as ccRCCs, and represented tumor sizes ranging from 1.4 to 15 cm with an average size of 5.4 cm. Of these 61 ccRCCs, only 4 cases (7%) were positive for parafibromin stain, while the remaining 57 were negative ([Figure 2](#F2){ref-type="fig"} A,B). We arrayed 37 pRCCs, of which 15 were type 1 pRCCs that ranged in size from 1.8 to 14.0 cm with an average of 4.1 cm. One of these cases was positive for parafibromin stain, and the remaining 14 were negative. Twenty two cases were type 2 pRCCs, ranging in size from 0.9 to 14.0 cm with an average of 4.0 cm. 6 of these were positive for parafibromin stain and 16 were negative ([Figure 2](#F2){ref-type="fig"} C,D). Overall, there were 7 parafibromin positive pRCCs (19%). Twenty three chRCCs were arrayed, ranging in size from 1.3 to 20.0 cm with an average of 4.9 cm. Twelve (52%) showed strong positive staining ([Figure 2](#F2){ref-type="fig"} E,F) and 11 were negative. Finally, 19 oncocytoma cases were included, ranging in size from 1.1 to 4.8 cm with an average of 2.7 cm. All of them (100%) showed strong positive staining ([Figure 2](#F2){ref-type="fig"} G,H). The distribution of cases with positive parafibromin stain varied significantly (P=8.8×10^−16^ by Fisher\'s exact test) among the four major renal cell tumors ([Figure 3](#F3){ref-type="fig"}). Bonferroni corrected univariate comparisons showed strongly significant differences between ccRCC and chRCC as well as between oncocytoma and each of the other subtypes ([Table 1](#T1){ref-type="table"}). The overall percentage of positive cases within the subgroups ranged from 7% in ccRCC up to 100% in oncocytoma ([Figure 3](#F3){ref-type="fig"}).

Figure 1Immunohistochemical staining of parafibromin in normal kidney, × 400. A) hematoxylin and eosin stain. B) parafibromin immunostaining.

Figure 2Parafibromin stain in major renal epithelial tumors, × 400. A and B) ccRCC; parafibromin stain is negative in the tumor cells (B). C and D) pRCC; parafibromin stain is negative in the tumor cells (D). E and F) chRCC; there are diffusely and strongly parafibromin stains in the tumor cells (F). G and H) Oncocytoma; there are diffusely and strongly parafibromin stains in the tumor cells (H).

Figure 3Percentage of parafibromin stain in four major renal cell tumors. Parafibromin expression varies significantly (P\<8.8×10^−16^) among the four major renal cell tumors. Percentages are shown along with 95% binomial confidence intervals.

Table 1Univariate pairwise comparisions between different classes of renal cell tumors.PrccchRCCOncocytomaCcRCC0.546.60E-054.62E-14PRCC0.061.50E-09ChRCC1.98E-03[^1]

Pathologic tumor staging is the most important prognostic factor for renal cell tumors. Therefore we included the tumor staging of all 3 malignant renal cell tumors (ccRCC, pRCC and chRCC) in our study ([Table 2](#T2){ref-type="table"}). In the 4 parafibromin positive ccRCCs, 2 were pT1 tumors, one was pT2 and one was pT3; in the 57 parafibromin negative ccRCCs, 34 were pT1, 16 were pT2, 6 were pT3 and one was pT4. The only parafibromin positive type 1 pRCC was pT1 tumor; the 14 parafibromin negative type 1 pRCCs were: 12 pT1, one pT2 and one pT3. All 6 parafibromin positive type 2 pRCCs were pT1; the 16 negative type 2 pRCCs were: 11 pT1, 2 pT2 and 3 pT3. The 12 parafibromin positive chRCCs were all pT1 tumors; the 11 negatives were: 7 pT1, 2 pT2 and 2 pT3. Even though all the pRCC and chRCC cases with positive parafibromin stain were pT1 tumors, the 4 positive ccRCCs covered pT1, pT2 and pT3 tumors. After accounting for multiple hypothesis testing, these results were insufficient to establish an association of parafibromin expression with tumor staging in ccRCC, pRCC and chRCC.

Table 2Parafibromin expression and the American Joint Committee on Cancer\'s tumor staging of clear cell renal cell, papillary renal cell and chromophobe renal cell carcinomas.Parafibromin positiveParafibromin negativeTumor stagingTumor stagingIIIIIIIVIIIIIIIVccRCC (total 61)211341661pRCC (total 37) type I (15)11211 type II (22)61123chRCC (total 23)12722[^2]

Fuhrman nuclear grading is the second most important prognostic factor after tumor staging. In our study, we analyzed Fuhrman grading of ccRCCs and pRCCs concurrent with parafibromin staining ([Table 3](#T3){ref-type="table"}). The 4 parafibromin positive ccRCCs were: 2 grade II and 2 grade III; 57 negative cases were: 2 grade I, 40 grade II, 11 grade III and 4 grade IV. The only parafibromin positive type 1 pRCC was Fuhrman grade II; the 14 negatives were: 2 grade I and 12 grade II. The 6 parafibromin positive type 2 pRCCs were: 2 grade II, 4 grade III; 16 negatives were: 5 grade II, 10 grade III and one grade IV. There was no statistically significant association of parafibromin expression with Fuhrman nuclear grading in ccRCC and pRCC identified in our study.

Table 3Parafibromin expression and Fuhrman nuclear grading of clear cell renal cell carcinoma and papillary renal cell carcinoma.Parafibromin positiveParafibromin negativeFuhrman nuclear gradingFuhrman nuclear gradingIIIIIIIVIIIIIIIVccRCC (total 61)22240114pRCC (total 37) type I (15)1212 type II (22)245101[^3]

Discussions {#S4}
===========

Parafibromin is an oncosuppressor encoded by the hyperparathyroidism 2 (HRPT2) gene, which is located in human chromosome 1q31.2, consists of 17 exons and spans 18.5 kb in the genome. It encodes a 2.7-kb transcript which is translated into a 531-amino-acid parafibromin protein with a molecular weight of 60 kd.^[@R5],[@R23]^ HRPT2 transcript has been shown to be expressed in heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas.^[@R5]^ The 60-kd protein has been shown in the adrenal gland, heart, pancreas and kidney.^[@R24]^ Immunohistochemical stain shows the higher expression of parafibromin in glomerular mesangial cell, hepatocytes, cells of the base of gastric glands, renal cortex tubules and the pars intermedia of the hypophysis.^[@R15]^

Parafibromin can function as a tumor suppressor. Parafibromin is a critical component of the RNA polymerase II-associated factor (PAF) complex which inhibits cyclin D1 and c-myc by recruiting the histone methyltransferase SUV39H1.^[@R8]^ Overexpression of parafibromin was shown to inhibit colony formation and cellular proliferation and induce cell cycle arrest in the G1 phase, indicating that parafibromin has a critical role in cell growth.^[@R14]^ Parafibromin expression was inversely linked to tumor size, pathologic stage and lymphovascular invasion of breast,^[@R18]^ colorectal^[@R22]^ and gastric^[@R21]^ carcinomas, and also may correlate with the prognosis in lung cancers.^[@R20]^

Parafibromin can function as an oncogene. Dephosphorylation of parafibromin by SHP2 makes it stably bind to beta-catenin and induce *Wnt* target genes and therefore cause tumor formation and progress.^[@R25]^

Parafibromin is expressed in renal tubules.^[@R5]^ In hyperparathyroidism-jaw tumor syndrome, there is increased occurrence in renal neoplasia.^[@R26]--[@R28]^ It has been shown that there are frequent allelic imbalances and novel mutations of the HRPT2 gene in sporadic human renal tumors.^[@R29]^ To further investigate the expression pattern of parafibromin in renal epithelial neoplasia, we constructed renal TMA to investigate the expression of this factor in major renal epithelial tumors. Morphologically and cytogenetically, ccRCC, pRCC, chRCC and oncocytoma have been recognized as distinctive subtypes of major renal cell tumors that have different prognosis. Our study showed that parafibromin expression varied significantly (P\<8.8×10^−16^) among the four major renal cell tumor subtypes, with ccRCC has lowest positive rate, while oncocytoma is totally positive. Bonferroni corrected univariate comparisons showed strongly significant differences between ccRCC and chRCC as well as between oncocytoma and each of the other subtypes ([Table 3](#T3){ref-type="table"}). These results suggested that parafibromin might play a role in the tumorigenesis of renal epithelial neoplasia. The expression of parafibromin was previously investigated in a small number of chRCC (n=11) and oncocytoma (n=7), which showed negative stain in chRCC and positive staining in oncocytoma.^[@R30]^ In our study, more cases of these two types of tumors were included. Our results were consistent with the previous finding in oncocytoma but with a higher positive rate than the previous report in chRCC.

In summary, our data indicated that the parafibromin expression was tightly correlated with the tumor types. Our study did not identify any association of parafibromin expression with tumor staging in ccRCC, pRCC and chRCC and Fuhrman nuclear grading in ccRCC and pRCC. The number of cases in this study was limited; a study with a much bigger sample size is needed to further explore the correlation between the expression of parafibromin and the stages and grades of renal epithelial tumors.

[^1]: PRCC, papillary renal cell carcinoma; chRCC, chromophobe renal cell carcinoma; ccRCC, clear cell renal cell carcinoma.

[^2]: ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell carcinoma; chRCC, chromophobe renal cell carcinoma.

[^3]: ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell carcinoma.
